Methods

Early-Generation Population Development
The cross between Mason and Jagger was made at College Station, TX in the fall of 1997. The F 1 generation was grown in the greenhouse in spring of 1998. The F 2 , F 3 , and F 4 generations were grown and harvested in bulk during 1999, 2000, and 2001 at the Texas AgriLife Research farm in McGregor, TX. Random spikes were harvested from the F 4 population in 2001 (year of harvest), and these were grown as F 4:5 headrows of approximately 1 m in length at McGregor during 2002. Both among-and within-population selection was practiced mainly based on disease resistance and visual agronomic characteristics such as uniformity, heading, plant height, straw strength, and plant type. Approximately 5% of the headrows were selected, including the one that was assigned the experimental number TX03M1096. In addition, analysis with the single-kernel characterization system (SKCS) and/or small-scale milling and breadbaking evaluations were performed according to approved methods of the American Association of Cereal Chemists (AACC, 2000) in the cereal quality lab at College Station, TX and the USDA-ARS Hard Winter Wheat Quality Lab at Manhattan, KS.
Evaluation and Selection of Advanced Lines
During the evaluation and selection process, different sets of checks were used for comparison based on the known reaction to the traits and environments being evaluated. Among the TAM-series cultivars released by Texas AgriLife Research, 'TAM W-101' (CItr 15324; Porter, 1974 ) is the standard longterm check, 'TAM 110' (PI 595757; Lazar et al., 1997 ) is a popular cultivar resistant to greenbug Biotype E [Schizaphis graminum (Rondani)], 'TAM 111' (PI 631352; Lazar et al., 2004) is currently the no. 1 cultivar in the state of Texas, and 'TAM 203' (PI 655960) and 'TAM 304' (PI 655234) are recent releases. 'Sturdy 2K' (PI 636307), also released by Texas AgriLife Research in 2000, is a popular dual-purpose wheat. Jagger, a Kansas State University release, is one of the parents of TAM 401. 'Fannin' (PI 639231), 'Coronado' (PI 591625), and 'Longhorn' (PI 552813) (awnletted) are popular cultivars released by AgriPro.
Seed Purification and Increase
Seed purification started in the fall of 2005 by planting 48 headrows in Yuma, AZ. Following visual evaluation for uniformity, 3 were eliminated, and the remaining 45 rows were harvested in bulk. This seed was used by Texas Foundation Seed Service to plant 0.8 ha in the fall of 2006 to produce breeder seed, which was further planted on 8 ha in the fall of 2007 to produce foundation seed.
Statistical Analysis
Statistical analyses were done with SAS version 9.1 (SAS Institute, Cary, NC). Analysis of variance for individual locations as well as combined analyses across locations and years were performed with a mixed model that had genotypes and environments as fixed and replications within environments as random factors. Least significant difference values at P = 0.05 were used to compare means among entries. Table 1) . It was earlier than Longhorn (the only awnletted check) and TAM 111 but similar to TAM 110, Jagger, Fannin, and Coronado across all three environments. The long-term standard check TAM W-101 had a similar heading date as TAM 401 on High Plains irrigated (HPI) land but was later on the RP and HPD. TAM 401 is a semidwarf wheat with a height similar to that of Jagger and Fannin and it has good straw strength. The average height of TAM 401 ranged from 68 cm on HPD to 84 cm on the RP (Table 1) . On HPI it was shorter than Longhorn but similar to the remaining checks. On HPD it was taller than TAM W-101 and Coronado, shorter than Longhorn, and similar to the rest of the checks. On the RP it was taller than TAM W-101 and TAM 110 but similar to the rest of the checks.
Characteristics Agronomic and Botanical Description
TAM 401 is semierect during the juvenile plant growth stage and is green at the boot stage. It lacks anthocyanin in both the coleoptile and stem. The anthers are yellow. TAM 401 has a waxy bloom with hollow stem internodes, erect and twisted flag leaves, and semierect peduncles. It has a tapering, middense (laxidense), and inclined spike with light red glumes at maturity. The glumes are medium in length and width with an oblique shoulder and an obtuse beak of medium width. TAM 401 is apically awnletted and has hard, red kernels of ovate shape with a medium-size germ, rounded cheeks, and noncollared medium brush.
The plant uniformity of TAM 401 was stable during the last four generations of seed purification and increase (small increase strips at Bushland in 2005; seed purification at Yuma, AZ in 2006; breeder-seed increase at Vernon, TX in 2007; and foundation-seed increase at Vernon in 2008). A variant with the same spike type and glume color but that was 5-10 cm taller than the other plants, and red-glumed and white-glumed awned, off-type plants were observed at a low frequency (<0.05%) and were removed during the (Table 2) . It was also evaluated in the fourth, fifth, and seventh Winter Wheat Karnal Bunt Screening Nurseries, but the results were inconclusive mainly because of the inconsistency and/or low level of disease severity across the field.
initial stages of seed increase. Both the tall variant and the awned off-types may occur in future generations of seed increase at a low percentage (<0.05%).
Disease and Insect Resistance
Based on natural field infection during various stages of testing over the years 2005-2007 across a wide range of environments, TAM 401 has been consistently resistant to leaf rust and stripe rust ( Table 1 ). The severity of leaf rust for TAM 401 ranged from a trace (t) to 5% with resistant (R) reaction types in contrast to a severity of 80% with susceptible (S) reaction types for TAM 110 and Jagger. In 2005 there were widespread epidemics of stripe rust in Texas, and TAM 401 showed resistance (tR). In 2010 the prevalent race of stripe rust appeared virulent on cultivars postulated to have Yr17 and that were previously considered resistant. TAM 401 showed an intermediate reaction (20MSMR) to stripe rust in the 2010 rust screening nursery at Castroville, TX, so it may have Yr17 and one or more adult-plant resistance genes. When that of TAM 401, depending on the environment. TAM 110 was the only cultivar that had a significantly lower volume weight than TAM 401 in the Blacklands and South Texas region. Based on SKCS analysis, the kernel weight of TAM 401 (Table 6) was not significantly different than Jagger's across all environments, but it was either significantly lower than, or similar to, those of the remaining checks, depending on the environment. The flour protein content (14% moisture basis) of TAM 401 was significantly higher than that of TAM W-101, TAM 110, and TAM 111 in the Blacklands and TAM 110 in HPI; significantly lower than that of Jagger, Fannin, Coronado, and Longhorn in HPD; and similar to that of the checks in RP (Table 6 ). Kernel hardness index scores based on SKCS analysis ranged from 56 for TAM 111 in HPI to 75 for Jagger in Blacklands; TAM 401 varied from 60 in HPD to 68 in RP (kernels with a score of >50 are categorized as "hard") ( Table 6) Etter irrigated, and Claude) indicated that TAM 401 had average milling and baking qualities with a relatively short mixing time and low mixing tolerance, but it had an average loaf volume that was similar to that of TAM 111 (Table 7) .
Availability
Proposed seed classes will include Breeder, Foundation, Registered, and Certified. TAM 401 was submitted for U.S. Plant Variety Protection (PVP) under Public Law 91-577 with the Certification Only option, and a PVP certificate has been issued (No. 200900486) . A small quantity of seed for research purposes may be obtained from the corresponding author for at least 5 yr from the date of this publication abiding by the Wheat Workers' Code of Ethics (Annual Wheat Newsletter, 1995).
Grain Yield
grain yield data were reported only from 10, 8, and 21 locations, respectively. Based on the Texas Wheat Regions Map (p. 2 at http://varietytesting.tamu.edu/wheat/docs/2010/Wheat%20Binder .pdf; verified 25 Aug. 2011), these 39 location-years were grouped into four major regions in which the High Plains accounted for 18 (8 under irrigation and 10 under dryland), the Rolling Plains for 8, the Blacklands for 6, and South Texas for 7. Across these multiple locations over 3 yr, TAM 401 was one of the highest-yielding entries in every production region of Texas, but it performed exceptionally well in the warm and humid areas of South Texas, the Blacklands, and the Rolling Plains, where foliar-disease pressure was high (Table 3 ). In the South Texas and Blacklands regions, TAM 401 was significantly higher yielding than almost all of the check cultivars. In the Rolling Plains, TAM 401 was significantly higher yielding than TAM W-101, Coronado, and Longhorn but not significantly different than TAM 110, TAM 111, Jagger, and Fannin. In the High Plains (both dryland and irrigated), TAM 401 was either significantly higher yielding or similar to the check cultivars. TAM 401 was significantly higher yielding than the awnletted check Longhorn in all environments except the HPD, where its performance was similar to that of Longhorn. TAM 401 appears to have a wide area of adaptation, not only in Texas but also across the southern Great Plains. The USDA-ARScoordinated SRPN evaluates the most advanced experimental lines from Great Plains hard wheat breeding programs and is grown across nine states. TAM 401 ranked 27th out of 50 entries across 28 locations in 2006 and 7th out of 50 entries across 27 locations in 2007 (data not shown).
Forage Yield
The 2005-2007 yield trials at Claude, TX were grazed until late February, and the grain yield data from these 3 yr at Claude indicated that TAM 401 withstands grazing as well as currently grown cultivars and can be used in a dual-purpose (grazing-plus-grain) system. The 3-yr-average grain yield of TAM 401 (3203 kg ha (Table 4) indicated that TAM 401 is an excellent forage producer during the fall and early winter but may produce relatively less forage in the spring, most probably as a result of early maturity. Additional forage yield data can be found at http:// overton.tamu.edu/forages/ryegrass/index.php (verified 25 Aug. 2011) . Compared with awned cultivars, apically awnletted cultivars like TAM 401 are generally preferentially grazed by cattle after heading under graze-out conditions.
End-Use Quality Evaluation
The average grain volume weight of TAM 401 was not significantly different than that of Jagger but was significantly lower than Fannin's across all environments (Table 5) . However, the grain volume weights of the remaining checks were either significantly higher or not significantly different than 
